OBJECTIVES: To present the technique of single-port video-assisted thoracoscopic mediastinal tumour resection, which includes limited thymectomy, extended thymectomy, cyst excision and posterior mediastinal tumour excision, and the early results of resection with the use of this technique.
INTRODUCTION
In surgery for mediastinal lesion resection, the standard technique is still a trans-sternal or thoracotomy approach. Because of improvements in endoscopic instrument technology and video-assisted surgery, endoscopic surgery has been gradually applied in mediastinal tumour resection. The advantages of minimally invasive techniques include less pain in the early postoperative period, less pulmonary function impairment, better cosmetic results and total avoidance of the risk of disruption or infection of the sternotomy wound [1, 2] . The most popular approach is three-port videoassisted thoracoscopic surgery (VATS). Since 2004, single-incision thoracoscopic surgery has been reported, but for a time its use was limited to pleural disease or wedge resection [3, 4] , until Gonzalez-Rivas et al. [5] recently described their first experiences of single-port thoracoscopic lobectomy. However, there were still very few reports about single-port mediastinal tumour resection.
The aim of this article is to analyse the safety and feasibility of single-port VATS in mediastinal tumour resection or extended thymectomy.
PATIENTS AND METHODS
This study was approved by the institutional review board of the Chang Gung Memorial Hospital (IRB No: 104-1204B). Because this was a retrospective study, the need to obtain written informed consent from each patient was waived. We retrospectively reviewed consecutive cases of patients who underwent single-port thoracoscopic mediastinal tumour resection at Chung Gung Memorial Hospital between April 2014 and May 2015. Twenty-nine patients were enrolled in the study. The preoperative work-up included chest radiography, chest computed tomography (CT), spirometry, complete blood counts, etc. Age, gender, results of pulmonary function tests, operation time, blood loss, postoperative complications, length of hospital stay and tumour characteristics were collected from medical records. Surgical mortality was defined as death occurring during the same hospitalization or within 30 days after the operation. Indications for single-port thoracoscopic mediastinal resection included (i) patients having mediastinal tumour but where no neoadjuvant therapy was given, (ii) patients in whom the mediastinal tumour had not directly invaded surrounding tissue, as seen under CT scan and (iii) symptomatic mediastinal cyst patients or patients referred for surgical intervention for tissue proof and tumour excision. Postoperative intensive care was needed in myasthesia gravis patients who were refractory to medical control. All other patients underwent extubation in the operating room. All resected specimens were examined for pathological staging, and histological typing was established according to the World Health Organization classification and Masaoka stage.
Surgical technique
The operative technique in this procedure is as follows: if patients have an anterior mediastinal tumour, the patients are positioned in a 30°semisupine position on the operating table with a roll placed beneath the shoulder and the ipsilateral arm held abducted over a padded L-screen in order to expose the axilla (Fig. 1A) . If the patients have a posterior mediastinal tumour, the patients are placed in the semiprone position, with the contralateral hand placed beneath the neck and the ipsilateral side of the chest elevated by 30°. The ipsilateral arm is raised cranially to expose the axillary fossa (Fig. 1B) . If the tumour is located at the middle mediastinum, the lateral decubitus position is used. With the position mentioned above, the surgeon could view the target lesion directly. The incision site depends on the main tumour's location. A 2-3 cm minithoracotomy is created initially in the fourth or fifth intercostal space at the anterior axillary line. If the target lesion is located above the confluence of the brachiocephalic vein and the superior vena cava, or an extended thymectomy is needed, choosing the fourth is better than choosing the fifth intercostal space. Otherwise, we often select the fifth intercostal space for creation of the port. Lung isolation is obtained with double-lumen endotracheal tube ventilation. A 30°5 or 10 mm thoracoscope is then placed at the top of the incision wound. Rib resection or rib spreading is not needed in all procedures. The mediastinal specimen is retrieved by a plastic bag through the incision wound. Sometimes, we may encounter a tumour of diameter much larger than the operation wound. Then, we gradually enlarge our operation wound so that the tumour can be retrieved. If the mediastinal tumours have severe adhesion to lung parenchyma, wedge resection is done by an endostapler (Convidien or Ethicon Endo-Surgery, Inc., Cincinnati, OH, USA). An articulated endoscopic stapler is necessary for single-port surgery because it dramatically improves the accessibility of all target lesions. The dissection of the thymus proceeds along the innominate vein and division of the thymic veins is performed with haemoclips (Convidien) or a harmonic scalpel (Ethicon Endo-Surgery, Inc., Cincinnati, OH, USA). Bilateral horns of the thymus are dissected by an electric hook and lymph node grasper (Scanlan, St Paul, MN, USA). The operator and assistant stand together on the same side facing the tumour lesion. Sometimes the surgical table is rolled slightly forwards or back to improve visualization and traction. At the end of the surgery, one chest tube or pigtail catheter is left for drainage. The drainage tube is placed at one end of the incision wound (Fig. 2) .
Statistical analysis
Continuous data are expressed as a mean value with a range of standard deviations. Data analysis is performed using SPSS software (version 18.0; SPSS, Chicago, IL, USA). 
RESULTS
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C.-F. Wu et al. / Interactive CardioVascular and Thoracic Surgeryto three-port VATS, thoracotomy or sternotomy. The study cohort consisted of 8 men and 21 women, with a mean age of 49.9 ± 15.5 years. Detailed clinical characteristics of all 29 patients are listed in Table 1 . Of the 29 patients, 7 had refractory myasthenia gravis (MG) with thymoma or thymic hyperplasia and all received extended thymectomy. Six patients had incidental findings of thymoma without a history of MG. Five of these received limited thymectomy and 1 received extended thymectomy (Fig. 3) . Additionally, seven mediastinal cyst excisions and nine tumour excisions were included in the study. The pathological characteristics of the tumours are presented in Table 2 . The mean diameter of the resected tumour was 4.08 ± 2.05 cm (range: 1.3-9 cm), mean operation time was 97.3 ± 31.2 min, mean incision wound was 3.41 ± 0.76 cm and mean blood loss was 34.1 ± 45.7 ml. The mean length of postoperative hospital stay was 3.75 ± 1.53 days.
There was no occurrence of surgical morbidity or mortality in the study group. During the follow-up period (1-13 months), no recurrence of the tumour was noted. 
DISCUSSION
Video-assisted thoracoscopic mediastinal tumour resection was developed more than 10 years ago and has become a widely accepted surgical approach [6] . Several surgical teams have adopted less-invasive methods, including the unilateral VATS approach [7] , the bilateral VATS approach [8] , the transcervical approach [9, 10] and the sub-xyphoid approach with double elevation of the sternum [11] . Proponents of minimally invasive surgery have emphasized its benefits, including less blood loss during the operation, less pain in the early postoperative period, less compromised pulmonary function and better cosmetic results .With the improvement of minimally invasive techniques, it has become clear that the results of such operations are equivalent to the traditional open surgery [12] . It was not until Gonzalez-Rivas et al. [5, 13] developed a single-port technique for lung lesions that this technique could be widely discussed and applied. Compared with previous reports on conventional VATS thymectomy or mediastinal tumour resection [11, 14, 15] , blood loss, operation time and length of postoperative hospital stay in our experience are not inferior, and our conversion rate is zero. The difficulty of applying the single-port technique to mediastinal tumour is when one encounters tumours of diameters larger than 5.0 cm, or when extended thymectomy is needed. A bigger tumour might hinder the operator's vision. Then, opening the mediastinal pleura to increase the working space is needed. Sometimes, the operator may encounter vessel injury. When this situation occurs, compression and proximal vessel control are necessary to control bleeding (Video 1). In our experience, when we do bigger anterior mediastinal tumour excision or extended thymectomy, we first loop the brachiocephalic vein. This helps us to safely complete tumour excision. In our limited experience, the incision design is extremely important to ensure that the entire mediastinal space is accessible. The proper choice of the incision site is at the fourth or fifth intercostal space. If the target lesion is located above the confluence of the brachiocephalic vein and the superior vena cava, or an extended thymectomy is needed, choosing the fourth is better than choosing the fifth intercostal space. Otherwise, we often select the fifth intercostal space for wound creation. Another important landmark is the anterior axillary line. The pivot of the incision wound is at the intersection of the two lines. Initially, we used a 24-Fr chest tube for drainage; however, we gradually replaced that with a smaller drainage tube after surgery. We found a 16-Fr pigtail catheter to be enough for drainage. In case of performing wedge resection for lung adhesion at the same time, a 20-Fr chest tube is enough for drainage. Smaller drainage tubes improve wound healing and cosmetic appearance. Theoretically, a smaller incision wound should decrease postoperative pain because there is less injury to the intercostal nerve. But whether the less-invasive method could alleviate all intercostal pain sensation still needs to be investigated further. This is the preliminary report to discuss the single-port technique applied only for mediastinal tumour excision. Owing to the diverse nature of mediastinal tumours (different location, different tumour characteristics), our cohort was not homogeneous. However, it happens to prove that single-port VATS could be applied to anterior, middle or posterior mediastinal tumours safely for selected patients. Safety is the most important consideration when a new surgical method is developed, and it is important to note that there were no intraoperative or immediate postoperative complications in our cohort study.
Our study has some limitations. With regard to oncological concerns, the occurrence of postoperative MG or freedom from tumour recurrence is a paramount issue. Our cohort follow-up time is not long enough to answer this question and more time and more patients are needed for further evaluation. Despite being a retrospective analysis with a limited number of cases, we still completed resection of 29 mediastinal tumours without conversion to open or convention VATS. However, we still need to enrol more patients to validate the safety of single-port mediastinal tumour resection in the future. Although there is still not enough evidence to support the benefits of single-port thoracoscopic surgery over three-port or other less-invasive surgical techniques, we have validated its feasibility and safety in limited thymectomy, extented thymectomy (Fig. 3 ) and other mediastinal tumour or cyst resections. Further investigation is warranted for its therapeutic role in the management of these disease conditions.
CONCLUSION
In conclusion, the results of the current study have shown that single-port VATS mediastinal tumour resection is feasible and safe for selected patients. The long-term oncological outcomes in terms of recurrence rate and survival need to be further evaluated.
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